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During  the past  year,  while  investigating the pathological action 
of a  large number of organic preparations  of arsenic,  1 it was  noted 
that  the  gross  appearance  of  many  of  the  kidneys  resulting  from 
the administration  of these compounds did not conform to the type 
usually described as the arsenic kidney.  The wide variations in the 
type of kidney observed, and at the same time the constancy of the 
type produced by a  given compound in a  given animal species, were 
so marked as to suggest that the classical picture was not a  constant 
one for all compounds of arsenic.  To obtain a  more comprehensive 
idea of these variations and some conception of their cause,  a  series 
of  experiments  was  carried  out  with  a  number  of  well  known 
arsenicals,  and  the  gross  pathological  results  obtained  serve  as  the 
basis  for  this  report.  The  microscopical  studies  are  reported  in  a 
separate  paper. 
EXPERII~ENTAI~. 
Dogs were used  for these experiments, because the dog kidney is 
large  enough  to  show  the  gross  pathological  picture  quite  well. 
This  series  of experiments  was  supplemented,  however,  by similar 
experiments  carried  out with  guinea pigs,  intended principally as  a 
1 For  several  years,  The  Rockefeller  Institute  for  Medical  Research  has 
been  interested in  the chemotherapy of infections.  The work now in  progress 
is being carried out jointly by a chemical division and a biological division.  The 
chemical work is being done by Dr. W. A. Jacobs  and Dr. Michael Heidelberger. 
The series  of studies  contemplated  under the title " Chemopathological  Studies 
with  Compounds of Arsenic" are an outgrowth of the work on chemotherapy. 
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control  upon  the  histological  changes  produced,  since  the  dogs  ob- 
tainable  for  this  work  so  frequently  showed  spontaneous  kidney 
lesions?  It may be stated here that the gross appearances  presented 
by the  guinea  pig kidneys  were  essentially  the  same  as  those  of  the 
dogs. 
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• Preparation  No. 606  in  Ehrlich's  series  designated  as  salvarsan  is  the  dihy- 
drochloride  of  this  compound.  The  formula  here  given,  however,  is  that  most 
frequently  encountered  in  the  literature  and  is  the  substance  derived  from  the 
dihydrochlorid¢ by the addition of alkali. 
Solutions  of  arsenious  acid,  atoxyl,  arsacetin,  arsenophenylgly- 
cine,  salvarsan,  neosalvarsan,  and  galyl  were  injected  without  an 
anesthetic  into  young  adult  dogs.  The  injections  were  made  in- 
travenously,  intraperitoneally,  or  subcutaneously;  no  difference  was 520  Types of Arsenic Kidney. 
noted in the results obtained by using these different routes.  Doses 
of various size were used, as  shown in Tables  I  and II, but in the 
majority of instances amounts approximating the lethal dose were 
injected,  in  order to accentuate the lesion produced by  the partic- 
ular  compound.  In  a  few  instances  much smaller  amounts  were 
used, in order to determine the point of greatest susceptibility and 
the characteristics of the essential lesions.  The animals were usu- 
ally killed at the end of twenty-four hours, if they were not already 
dead,  so that  we  might obtain lesions comparable in time  (length 
of survival)  as well as dose.  In each instance the dog was lightly 
anesthetized with  chloroform and  bled  to  death  from the  carotid 
artery. 
RESULTS. 
Arsenious Acid. 
Injection of  arsenious acid  into dogs produces a  uniformly red 
kidney (Fig.  I).  The organ is  enlarged, is  purplish red in color, 
and on section drips blood.  The cut surface is reddened from the 
outermost edge to the pelvis, through the cortex, boundary zone, and 
medulla.  _All the zones or territories  of the kidney are practically 
uniformly  involved.  The  kidneys  of  dogs  that  survive  large 
doses of arsenious acid for a sufficient length of time show opaque, 
yellowish white striations in the inner portion of the cortex result- 
ing  from tubular necrosis which, however, is  not an essential  fea- 
ture  of  the. change.  The outspoken picture  is  that  of  a  diffusely 
reddened kidney indicative of uniform vascular injury and is  one 
of the two principal types produced by arsenical compounds. 
Salvarsan,  Neosalvarsan,  and Galyl. 
The type of kidney produced by  injections of these  drugs  falls 
into the  general class  of  red kidneys, although certain  differences 
relate them to the other main type, the pale kidney.  These differ- 
ences consist in a  relatively greater degree of tubular necrosis and 
in the character of the vascular injury.  This group of kidneys, as 
shown by the salvarsan  and neosalvarsan kidneys  (Figs.  3  and 8, 
respectively), shows a considerable amount of necrosis of the cortex 
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although the  kidney  is  reddened throughout,  the  congestion and 
hemorrhage are most prominent in the outer half of the cortex and 
the inner portion of the boundary zone. 
Arsacetin. 
Injection of arsacetin into dogs produces an exceedingly pale kid- 
ney (Fig. 2), that differs strikingly from the red type just described. 
The organ is enlarged, soft, and very friable.  It is grayish or yel- 
low in color ; in some instances it may be pink, with slight congestion 
of the surface vessels.  It  cuts very easily and  on section the cut 
edge is everted.  The cortex bulges, is  widened, and the striations 
are yellowish, opaque, and raised as a result of wide-spread tubular 
necrosis; the glomeruli may or may not be prominent.  The boun- 
dary zone practically always  shows some congestion and the same 
may be said of the medulla, but to a much less degree.  The domi- 
nant feature of this type of kidney, therefore, is its paleness due to 
tubular  necrosis,  as  contrasted with the  redness  of the kidney of 
arsenious  acid  resulting  from  vascular  injury.  Kidneys  of  dogs 
that survive large doses of arsacetin for a  sufficient length of time 
show a  greater degree of congestion or even some hemorrhage in 
the boundary zone.  The  hemorrhage may extend somewhat into 
the medulla and to a  lesser degree into the cortex. 
Arsenophenyljlycine  and Atoxyl. 
Both  of  these  drugs  produce  pale  types  of  kidneys,  but  the 
amount and extent of vascular injury are somewhat greater than in 
the  arsacetin  kidney.  The  cortical  necrosis  of  the  arsenophenyl- 
glycine kidney  (Fig. 4)  is extreme and is quite comparable to that 
produced  by  arsacetin.  On  the  other  hand,  the  congestion  and 
hemorrhage of the medulla are relatively prominent and especially 
so in the inner portion of the boundary zone.  We may, therefore, 
consider  the kidneys  produced by  these  drugs  as  related  to  both 
the pale and the red types of kidneys. 
DISCUSSION. 
In studying the action  of this  group of arsenicals  upon the kidney, 
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broader conception of types of renal injury.  Further,  we can not 
now attempt a  complete description and  grouping of all  the types 
of arsenic kidneys which we have observed.  Our object, at present, 
is to lay emphasis upon the difference in the character of the renal 
injury produced by different compounds of arsenic as expressed in 
the  gross  appearance  of  the  organ.  For  this  purpose  we  have 
chosen two extreme types. 
The  classical  red kidney resulting  from  injections  of  arsenious 
acid into dogs  contrasts sharply with the pale kidney produced by 
arsacetin.  The red kidney is one in which uniform vascular injury 
predominates; all  zones of the kidney seem to be affected equally, 
cortex  as .well  as  medulla.  The  pale  kidney,  on  the  other  hand, 
presents striking evidence of the dominance of tubular necrosis, and 
the  reddening of  the  boundary  zone  is  a  relatively inconspicuous 
feature.  With the other arsenicals this difference in the gross ap- 
pearance of the kidneys is not so marked, and we may perhaps look 
upon the kidneys produced by salvarsan, neosalvarsan, and galyl, on 
the one hand, and by atoxyl and arsenophenylglycine on the other, 
as  constituting transitions  or  subgroups  between the two principal 
types.  The  salvarsan  group  of  kidneys  is  preeminently red,  but 
there  is  also  a  relatively great degree of  tubular  necrosis;  the  ar- 
senophenylglycine group of kidneys is  pale,  yet it  shows  relatively 
marked vascular  injury,  especially in  the  boundary zone  and  con- 
tiguous territory. 
The type of kidney produced by a given compound can not be re- 
garded as  fixed in  all  its details,  but the size  of the  dose  and  the 
rate of action as measured by the length of survival of the animal 
are  factors  that  exercise a  distinct influence upon  the  final  result, 
as  may be  illustrated  by  atoxyl.  The  lethal  effects of  atoxyl are 
developed slowly in  the  dog  and  it  would  probably  require many 
times the minimal lethal dose to kill within twenty-four hours.  The 
tolerable  dose  of  this  drug  for  dogs as  given by  Mesnil  and  Bri- 
mont  a is  I0 nag. per kilo of body weight.  Dog F, given double this 
dose  (2o rag.  per kilo), showed slight symptoms of intoxication at 
the end of twenty-four hours and when killed the kidneys were quite 
pale and  slightly enlarged.  The  cortex showed opaque  striations, 
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but  the  striking  feature  was  a  pencil  line  of  hemorrhage  in  the 
inner  boundary  zone  (Fig.  6).  This  animal  illustrates  well  the 
character and location of the essential changes produced by atoxyl. 
Dog E, given 5o mg. of atoxyl per kilo, was more toxic at the end 
of twenty-four hours and was killed.  The kidneys  (Fig.  7)  were 
markedly enlarged and the opaque yellow gray surface was thickly 
stippled with red.  On section the cortex showed alternate striations 
of red and  opaque  yellowish gray; the  glomeruli were prominent. 
The  line  of  red  in  the  medulla  of  Dog  F  had  given  place  to  an 
intense  reddening of  the  entire  medulla,  which  was  practically  a 
mass  of  clotted  blood.  The  massive  dose  of  atoxyl  used  in  this 
dog  exaggerates  the  effects produced  in  Dog  F  and  at  the  same 
time serves to indicate the character of changes referable to dosage. 
Dog C  received 4o mg. of atoxyl per kilo and although this animal 
passed  large  amounts  of blood  in  the urine,  other evidence of in- 
toxication was  relatively slight.  It  finally died  on  the  sixth  day. 
The  kidneys  of  this  dog  were  practically  identical  with  those  of 
Dog  D  (Fig.  5)  which received a  dose  of 2o  mg.  per kilo;  three 
days later a second dose of 40 mg. per kilo, and was then killed after 
two  days.  With  these  two  dogs  the  influence of  time  as  well  as 
dose is  introduced.  This  group  of  atoxyl kidneys  illustrates  well 
the elasticity of a  type but  at the same time emphasizes the sharp 
differentiation of  even a  transitional  group  from the  classical  ar- 
senious acid kidney. 
As  regards  the  factors  that  endow  compounds  of  arsenic  with 
the power of producing constant and  characteristic types  of  renal 
injury,  one  can  hardly  escape  the  conclusion  that  such  activities 
are intimately related to the chemical constitution of ~che compounds. 
However, both organic and inorganic compounds of arsenic in which 
the  arsenic  is  trivalent  or  pentavalent  are  known  to  produce  red 
kidneys of the arsenious acid type.  On the other hand, while both 
trivalent  and pentavalent  compounds  of  arsenic  produce  pale  kid- 
neys, we know of no inorganic arsenical that acts in this way.  Fur- 
ther, substances as closely related as atoxyl and arsacetin, or as sal- 
varsan and arsenophenylglycine, may act quite differently.  Again, 
compounds as different as arsenious acid and salvarsan, or as arsace- 
tin  and arsenophenylglycine, may simulate each other quite  closely 
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For  the  present,  therefore,  we  can  go no  further  than  the  con- 
clusion  that  the  character  of  the  renal  injury  produced  by  com- 
pounds  of arsenic is  determined  either  directly or  indirectly by the 
chemical constitution of the  compound. 
CONCLUSIONS. 
I.  All  arsenical  compounds  do  not  produce  the  same  type  of 
renal  injury. 
2.  In  general,  there  are  two broad  groups  of  kidneys  produced, 
the  red  and  the  pale,  with  a  variety  of  subdivisions  of  each  group 
depending  upon  modifications  in  the  chemical  constitution  of  the 
compound,  dosage,  and  length  of  survival  of the  animal. 
EXPLANATION OF  PLATES. 
PLATE 57. 
Fro.  I.  Kidney of arsenious  acid  (natural size).  Dog A.  Red type of kid- 
ney.  Uniform  congestion  and  hemorrhage  throughout  cortex  and  medulla. 
Tubular  necrosis in inner half  of cortex. 
FIG.  2.  Kidney  of  arsacetin  (natural  size),  Dog  I.  Pale  type  of  kidney. 
Necrosis of cortex.  Congestion of boundary zone. 
PLATE 58. 
FIG. 3-  Kidney  of salvarsan  (natural  size).  Dog Q.  Reddening  of kidney 
throughout,  especially of  outer  cortex  and  inner  portion  of  boundary  zone. 
Tubular necrosis of inner half of cortex. 
FIG.  4.  Kidney  of  arsenophenylglycine  (natural  size).  Dog  L.  Tubular 
necrosis  of  entire  cortex.  Diffuse  congestion  of  medulla  with  a  band  of 
hemorrhage. 
PLATE 59- 
FIG. 5.  Kidney of atoxyl  (natural  size).  Dog D.  Necrosis of cortex.  Dif- 
fuse  congestion  of medulla  with  hemorrhage  of boundary  zone  and  inner  half 
of cortex. 
PLATE 60. 
FIG. 6.  Kidney of atoxyl (reduced).  Dog F.  Pencil line  of congestion and 
hemorrhage along inner boundary zone. 
F~o. 7.  Kidney of atoxyl (reduced).  Dog E.  Necrosis of cortex.  Hemor- 
rhage of medulla. 
Fro.  8.  Kidney  of  neosalvarsan  (reduced).  Dog  R,  Necrosis  of  cortex. 
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